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5 

Conjugates and Constructs Including Anti-CD28 and Anti*CD3 

Binding Molecules 

Field of Invention 

10 

The invention relates to conjugates and constructs including anti- 
CD28 or anti*CD3 binding molecules and polymers, or other backbones, 
for inducing specifically the polyclonal activation, proliferation, and/or 
lymphokine production of T lymphocytes, or subsets thereof, in order to 

IS enhance the immune system's ability to light tumors and infections. 
Background oif the Invention 

Most immune responses involve many components of the immune 
system. Aldiou^ the immune mechanisms involved in the elimination of 
malignantly transformed cells are not well understood, it is reasonable to 

20 assume that if more immune mechanisms are activated and enhanced, the 
tumorous cells may be eliminated more effectively. Also, both humoral and 
cellular mechanisms are known to be involved in the immune response 
against viruses and virus-infected cells. Thus, generally speaking, for 
treatment of patients with various cancers or mfectious diseases, and for 

25 protecting individuals exposed to infectious agents from contracting the 
infection, it is desirable to enhance the entire immune system. 

The various branches of the immune system include antibodies, 
cytotoxic T cells (CTLs), T cells mediating delayed-type hypersensitivities 
(Ttdh cells), monocytes and macrophages, natural killer (N^ cells, killer 



wo 94/12196 



PCT/US93/11434 



2 

cells mediating ADCC, and granulocytes. Complex interactions are 
involved in the activation of these various branches. The helper T cells (7^ 
cells) play central regulatoiy roles, and many factors are secreted by these 
cells and other cells in a certain concerted fashion during the activation and 
S proliferation phases. Hiere is good reason to believe tiiat the concerted 
production of lympholdnes and cytokines, at tiie appropriate time and in tiie 
proper relative proportions, is important for maximizing the immune 
response. 

Potentiation of the immune system is desirable for treating a number 
10 of pathological conditions, e.g. , for treatment of malignant tumors, such as 
those associated with renal cell carcinoma and malignant melanoma. The 
immune pot»itiat6rs inchide substances iitoitified from screening natural 
sources, such as cultures of microorganisms, marine animals, h»bs, or 
plants, as well as substances scieaied from laige battles of synthetic 
15 organic compounds. 

One »cample of a substance from a natural source is muramyl 
dipeptide, which has been idoitiiied as the smallest structure from the cell 
wall of staphylococcal bact^ which still retains immune potentiating 
effects. Many analogues of muramyl dq)q>tide have been syntiiesized. 
20 Muramyl dq)eptide and its analogues are macrophage activators, and have 
been tested and developed as tiierq)aitic agents for tumors and as adjuvants 
for vaccines. 



Other examples of immune potentiators derived from natural sources 
include double-stranded RNA and mismatched double-stranded RNA (also 
called ampligen) which can induce interferon synthesis and other immune 
functions. These substances have also been tested for treating tumors and 
viral diseases, such as AIDS. 

Immune potentiators may be applied to patients alone or in 
combination with suigeiy, irradiation, or chemotherapy. They may also be 
desirable for treating patients with vixal infectious diseases or for protecting 
individuals, after ensure to viruses, from contracting infection. Inmiune 
potentiators may be useful as adjuvants for various vaccines for infectious 
diseases or cancers. 

Recently, recombinant human lymphokines and cytokines have been 
produced by genetic engineering. Many such recombinant "biological 
response modifiers** are being tested for treatment of various cancers and 
infectious diseases. A few recombinant products, such as interieukin-2 (JL- 
2), a-interferon, 7-interferon, granulocyte-colony stimulation factor and 
gianulocyte/monocyte-colony stimulation fyctor (G-CSF, GM*CSF), have 
been approved in many countries for use against ceitain cancers and 
infectious diseases. For example, IL-2 is approved for treating patients 
with renal cell carcinoma; a-interferon is approved for treating patients with 
hairy cell carcinoma or with hqiatitis B infection; G-CSF and GM-CSF are 
approved for treating cancer patients receiving chemotherapy for the 
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purposes of lestoruig lost neutrophils. 

Individual recombinant lymphokines, such as IL-2, IL-4, or 7- 
interferon can augmrat some aq>ects of the immune system, but function 
only against limited immunocyte targets and can only potentiate certain 
S inunune functions and not the entire immune system. They also probably 
function only over short ranges and in limited areas in vivo. Also, 
cytokines and lymphokines which are injected into patients are cleared 
rapidly through the kidneys. They likely will not be present in sufficiently 
high concentrations in the lymphoid system for long enough to achieve their 

10 desired immunological effects. 

Of the various substances other than lymphokines or cytokines which 
have been studied for potentiating the immune system, most which are 
suitable for in vivo use do not target or enhance the T cells directly. For 
example, muramyl dipeptide, and analogues thereof, primarily activate 

15 macrophages. Double-stranded RNA and misniatcheddouble-stiandedRNA 
mainly induce interferon production by a variety of cells. 

A few naturally*derived protein substances are known to be potent 
T cell mitogens in culture in vitro, and have been used in studies to 
characterize and quantitate T cell activity. These substances include 

20 phytohemagglutinin A (PHA), concanavalin A (Con A), wheat germ 
agglutinin (WGA), and some other lectins, defined as carfoohydiate-binding 
plant proteins. However, these T-cell mitogenic proteins, although very 
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useful for in vitro studies, have poor specificity and therefore bind to almost 
all cell ^pes. Because they are toxic and lack specificity, they are not 
effective for in vivo use as T cell potentiaton. 

In order to activate and e}q)and lymphocytes to achieve satisfactory 
5 therq)eutic effects while avoiding administering toxic substances, some 
groups have sought to activate and e^qiand the T lymphocytes from patients 
in culture in vitro for a period of time under optimal conditions and then 
harvest the activated cells and inject them back into the same patients. In 
this so-called IL-2/LAK therapeutic regimen, used by the Biological 

10 Therapy Institute (FrankUn, Tennessee) to treat patients with various 
cancers, the blood is first drawn from the patients and the mononuclear 
cells are isolated. See Rosenbeig, S.A. et al., N. Eng. J. Med. 316:889 
(1987). The cells are incubated in medium containing recombinant IL-2 for 
several weeks, and the activated and expanded T cells, which contain the 

15 lymphokine-activated killer (LAK) cells, are harvested and injected into the 
patients. 

A more recent, modified version of this IL-2/LAK theiapy, known 
as autolymphocyte therapy (ALl) has been developed by CeUcor Therapies, 
Inc. in Boston Massachussetts. See Osband, M,E. et aL, Lancet 335:994 
20 (1990). The lymphocytes from renal cell carcinoma patients are taken 
twice. The first time, the lymphocytes are stimulated with antibodies 
specific for human CD3 antigen (anti-(n)3) in vitro to produce 
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lympbokines. Hie culture supernatant is collected after a few days of 
culturing, and the cells are discarded. The second time, the lymphocytes 
taken from the patients are incubated in the autologous lympbokines for a 
period of five days and the cells are harvested and injected into the same 
S patirats. 

It is claimed that these {^roaches, involving in vitro lymphocyte 
stimulation and e3q)ansion, achieve beneficial responses in a portion of the 
treated patients. The major concern with these regimes is that the treatment 
is \ery tedious, oqiensive, and requires sophisticated, specialized cell 
10 culture facility. The variation among cells or cultures from different 
patients requires donanding monitoring procedures. Also, lymphocyte 
cultures have very poor viability even under optimal conditions, meaning 
that during the culturing, large numbers of the cells will die. When large 
numbers of dead cells are injected into patients, this may actually burtlen 
IS the reticuloendothelial system (RES) and reduce its effectiveness in 
combating the tumor cells. 

In summary, the clinical studies and approved routine uses of IL-2 
and ^'interferon and of LAK or ALT therapies indicate that T cell 
activation and e^qianslon can achieve therapeutic effects in some patients 
20 witii cancers or infectious diseases. On die otiier hand, the results of these 
treatments suggest that die lymphokine treatments have certain deficiencies 
and the LAK and ALT treatments have some substantial drawbacks. Thus, 



an efficacious and feasible treatment may be realized if these defik:iaicies 

can be eliminated. 

A number of MAbs specific for CD3 on the surfoce of human T 

cells (pan T marker) are known to be veiy potent mitogens of human T 

ceUs in vinv, e.g., the MAb 0KT3. Van Wauwe, J.P. et al., /. 
Immimohgy 124:2708 (1980); Chang, T.W. et al., Proc. Natl Acad. Sd. 

V.Sji. 78:1805 (1981); MAb 64.1 Hansen, J.A. et al., Leukocyte Typing: 
Human Leukocyte Differentiation Antigens Detected by Monoclonal 
Antibodies, Eds. Bernard, A. et al. (Spring Veiiag, New York, 1984). In 
medium containing only fetal calf serum and no human serum (and 
therefore no ]^), the anti-CD3 MAbs are much more potent than PHA or 
Con A in inducing T cell proliferation. 

But the mitogenic effect of anti-CD3 requires bodi specific binding 
to the CD3 antigen and tiie presence of the Fc moiet/ of ih& antibody, as 
well as the presence of monocytes and macrophages. The best explanation 
for these results is that the Fc of the anti-CD3 MAbs binds to the Fc 
recq>tors on monocytes/macrophages, thereby aggregating the CD3 antigen 
on the T cell surfece. Since CD3 is associated with the T cell antigen 
recqptors, the aggregation of CDZ triggers the activation and proliferation 
of the T cells. 

This e3q)lanation is supported by experiments which show that when 
the anti-human CD3 MAb is conjugated to Sqpharose 4B beads or coated 
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on the substratum plastic suiface of culture wells, monocytes and 
macrophages are not needed to induce activation and proliferation of T 
cells. See Williams, J,M. et al., 7. Immunol 135:2249 (1985); Ceuppens, 
J.L. & Baroja, M.L., J. Immunol. 137:1816 (1986); Gq)pert, T.D. & 
Lipsky P.E., J. Immunol 138:1660 (1987). Based on these experiments, 
it has been suggested that the solid-phase anti-CD3 MAb fimctions by 
aggregating the CD3 antigen on the T cell sui&ce. 

However, when anti-human CD3 is injected in vivo, the results are 
the opposite of the in vitro effects. 0KT3 MAb, which is the first MAb 
ever qjproved for therq)eutic use in vivo, is strongly inununosuppresave 
and is approved for use as an immunosuppressor for patieiUs receiving 
kidney transplants. Oitho Multicenter Group Study, N. Eng. J. Med. 
313:337 (1985), The injection of 0KT3 causes rapid depletion of T cells 
from the circulatk>n. Although the medianism by which anti-CD3 causes 
this rapid depletion of T cells is not well understood, the best explanation 
is that anti-CD3 induces ADCC of the T cells, /.e. , as the T cells coated by 
anti-CD3 circulate thrcnigh the spleen and Jiver, they are lysed by the 
phagocytic cells of the RES in these oigans. It is also possible that some 
of the T cells are destroyed by complnnent-medjated cytolysis and some 
other cytolytic mechanisms. 

In in VIVO mouse studies using a hamster MAb against murine CD3, 
it has been shown that low doses of anti-CD3 can prevent malignant 
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progressive tumor growth and protect against lethal sendei vims infection. 
Ellenhoni, J.D. et al„ Science 242:569 (1988); Kast, W.M. et al., /. 
ImmunoL 145:2254 (1990). It has been suggested that the T cells in the 
mice are activated by such treatment with anti-CD3. Hirsch, R. et al., /. 
5 ImmunoL 142:737 (1989). 

Human and murine studies involving in vivo administration of anti- 
CD3 indicate tint tiaest is a substantial diffraence betweoi the two species. 
In humans, even minute amounts of anti-CD3 are immunosuppressive and 
cytolytic. Also, the activation and mitogoiic effect of anti-CD3 on T cells 

10 is completely blocked by the presence of human seium or IgG. Chang, 
T.W. et al., Proc. Natl Acad. Sd. U.S.A. 78:1805 (1981); Looney, R.F. 
and Abraham, G.N. /. ImmunoL 133:154 (1984). These results suggest 
that whole anti-CD3, or fragments thereof, will not activate T cells in vivo, 
and therefore, tiie invention described below is not suggested. 

15 Summaiy of the Invmtion 

The inununor^vlatoxy substances of the invmtion include binding 
molecules which target the CD3 or CD28, or other antigens on T cells, and 
which preferably lack an Fc portion or have the Fc portion inactivated, 
conjugated with or adsorbed to a polymeric backbone (for example, 

20 polylactide, polyetiiylene glycol ("PEG")), latex, polylactide, cellulose, 
dextran, agarose, or an amino acid copolymer), a liposome, a long chain 
pq}tide (preferably containing Lys or Cys residues, more preferably. 
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containing Gly, Ser, and Lys (or Cys) at 20:4:1 ratio, with molecular 
weights of 10,000 to 1,000,000 (about 150 to 15,000 amino acid residues 
in length)), or a microbead. The binding molecules can be, for example, 
Fv, Fab, or F(ab')j fragments, or whole antibodies. The conjugation can 
5 be covalent or non-covalent. The other antigens on T cells which can be 
targeted include CD2, CD4, CDS, CD8, and CD37. 

The main use for the immunor^latoiy substances is as immune 
potentiators in humans or animals, which activate and expand T cells or a 
subset of the T cells, and stimulate them to produce IL-2, -y-interferon, IL- 
10 l,n^,IL-^, tumor necrosis factor (TNDP), or other lympholdnes. Because 
T cells play central roles in the regulation of many branches of the immune 
system, the concerted secretion of a number of lympholdnes will activate 
many immune mechanisms, whereas the administration of individual 
lympholdnes may have a more limited effect. 
1^ The immunoregulatoiy substances of the invention may be used to 

treat patients or animals with cancers or infectious diseases, or to protect 
individuals exposed to infectious agents ftom contracting the infections. 
The immunoregulatoiy substances may also be used as adjuvants for 
vaccines, which could reduce the number of times that a vaccine needs to 
20 be administered in order to be effective in prophylaxis. This could be 
particularly effective for vaccination against dqjhtheria, infUienza, and 
measles, as there already are mass vaccination programs for children 
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against these diseases. 

The immune potentiators could also be used in veteiinaiy practice, 
paiticulaily to txeat companion animals affected with cancers or chronic 
infections. For use in veterinary practice, the same substances of the 
5 invention mentioned above are employed, with the fragments and antibodies 
targeting the T cell antigen of the animal one is seeking to treat. Among 
the diseases in companion animals which might be particularly well suited 
for treatment with the products of the invention are the canine distemper 
adenovirus, coronavirus, or Rabies virus, and the feline leukemia virus. 

10 Embodiments of the invention suitable for treating feline leukemia vims 
include antibodies and fragments which target feline CD3, which are 
coiq>led with microbeads or other polymer backbones. 

The substances of the invention can also be used diagnostically, in 
standard assay formats such as an ELISA, to detect cells bearing the CDS 

IS and/or the CD28 antigen. This can be useful to determine the number of 
cells in an unknown fluid sample which bear these antigens. 
Dolled Description of Making and Using the Invention 

The Fv fragments of the MAbs may be produced in bacteria using 
single chain antibody technology, as described in U.S. Patent No. 

20 4,946,778 and International Application No. WO88/09344. The Fv may 
also be graetically engineered to contain glycosylation sites and produced 
in mammalian cells, to result in a fragment containing carbohydrate 
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moiedes. 

The Fab or F(ab02 niay be produced by enzymatic cleavage of 
whole IgG, which can be produced by a hybridoma or a transfected cell 
lines (a myeloma or a cell line such as Chinese Hamster Ovary (CHO)), 
5 using pepsin or papain digestion, respectively. 

The Fab or F(ab')2 fragments, or the whole antibodies, may be 
wholly animal or human derived, or they may be in chimeric form, such 
that the constant domains are derived from the constant regions of human 
immunoglobulins and the variable regions are derived from the parent 

10 murine MAb. Alternatively, the Fv, Fab, or F(Bb\ may be humanized, 
so that only the complraientarity determining regions (CDR) are derived 
from an animal MAb, and the constant domains and the irameworlc regions 
of the variable regions are of human origin. See, e.g., U.S. Patent 
Application Serial No. 07/952,802, filed 9/25/92, for a detailed example of 

15 how to make a particular type of humanized antibody. These chimeric and 
humanized antibodies and fragmrats are less immunogenic than their wholly 
animal counterparts, and thus more suitable for in vivo use, eq)ecially 
where administration will be over prolonged periods. 

Methods of making chimeric and humanized antibodies are weU 

20 known in the art, (see, e.g., U.S. Patent No. 4,816,567, International 
Application No. WO84/03712, respectively). The Fv, Fab, or F(ab')2 
fragments may be produced from such chimeric or humanized antibodies 
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using proteolytic digestion, as described above. 

The antibody fragmrats can be conjugated to the linear or cross- 
linked backbone, polypq}tide, microbead or liposome using conventional 
techniques, well known in the art. See, e.g., Ostro, MJ. (Ed.), 
Liposomes: from Biophysics to Therapeutics ^farcel Dekker, New Yoik, 
1987). One prrfened method of preparing liposomes and conjugating 
immunoglobulins to their surface is described by Ishimoto, Y. et al., J. 
Immunol Met. 75, 351-360 (1984). Multilamillar liposomes composed of 
dipalmitoylphosphatidylcholine, cholesterol and phoq)hotidylethanolamine 
are prepared. Purified fragments can then be coupled to the 
phosphatidylethanolamine by the cross-linking agent N-hydroxy succinimidyl 
3-(2-pyridyklithio) propionate. The coupling of the antibody or fragment 
to the liposome can be demonstrated by the release of apre-trapped maricer, 
e.g., caiboxyfiuorescence, from the liposomes upon the treatment of 
secondary antibody against the conjugated antibody, fragment and 
complemraL 

The antibodies or fragments may also be coupled to a liposome or 
another carrier of the invention via their carbohydrate moiedes. Provided 
that the carbohydrate moiety is not in the hypervariable region or at the 
antibody binding sites, the conjugation via the cross-linking with the 
carbohydrate will not affect binding, as the binding sites will still be 
available to bind to cell surface antigens. 
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One prefened way to couple antibodies and fragments of the 
invention (other than Fv) to a polymer backbone or a liposome is to 
conjugate them through the caibohydrate moiety on the constant regions. 
This will maximize the binding sites which are available, and not hindered, 
S for binding to the antigens. 

Methods for derivatizing sugar ring moities to create hydrazide 
groups for coupling with fragments (and antibodies) have been established. 
See Rodwell, J.D. et al., Proc. Ncu'lAcad. Sci. USA 83:2632-36 (1986). 
Several immunoconjugates prepared in this way are in clinical studies or 
10 pending approval for routine clinical uses. 

The polymers for conjugating to the antigen binding sites can be 
modified to generate active groups for coupling according to established 
methods. For example, PEG can be derivatized by l,r- 
caifoonyldiamidazole to form imidazole carbamate active grotq)s, which 
IS react with amino groups of proteins. Beauchamp, CO. et al., Anal. 
Biochem. 131:25 (1983). Similar reactions can be used for derivatizing 
agarose. Bethell, G.S. et al., /. BioL Chem. 254:2572 (1979). 

The antibodies or fragments can be coupled directly to the 
derivatized, activated polymers. Bifiinctional cross-linkers suitable for 
20 conjugating the activated polymers (or liposomes) and the antibodies or 
fragments, can be selected based on the properties desired and the specific 
substances to be cross-linked. These heterobifunctional reagents are 
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available from several commercial sources, e.g., Pierce Chemical Co,, 
Rockfoid, XL., and the reaction procedures are weU-known. 

The substances of the invention, in aiq)ropriate pharmaceutical 
vehicles, may be administered intravenously (i.v.), so that they can reach 
S spleen, liver, and various lymph nodes. They will also reach the T cells 
in circulation when administered i.v. 

The substances of the invention may also be given intraperitoneally 
(i.p.)i where they will mainly interact with cells in the peritoneal cavity and 
will be delivered to other lymphoid tissues through the lymphoid 
10 circulation. Hie T cells which are activated and esqumded in the spleen and 
peritoneal cavity may also travel to different tissues in the circulation. 

The substances of the invention may also be injected directly into or 
near the solid tumors, warts, or other affected tissues. In this case, the T 
cells will be activated and cxpmdod and mediate various immune 
15 mechanisms. 

Certain substances of the invention may only induce the activation 
of resting lymphocytes and not their proliferation. In such case, their 
administration may be followed by T cell growth factors, such as IL-2 or 

ILr4. 

20 The substances of the invention may be given alone, or in 

combination with suxgery , irradiation treatment, or chemotherapy for cancer 
patients, or in combination with viral antibiotics or other anti*viral 
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substances for patients widi infectious diseases. 

- Even without the animal model experiments described in the 
examples below, there is adequate racperimental support for the efficacy of 
the invention. As noted above, the interaction between the Fc of the anti- 
S CDS MAbs and the Fc recq)tors (FcR) on monocytes/macrophages is 
required both for the mitogenic effect in vitro and the ADCC effect in vzw. 
It was first found that the F(ab')2 and Fab fragments of 0KT3, which 
lacked Fb, were no longer mitogenic and also that whole 0KT3 could not 
induce the T cells to proliferate if the monocytes were dq>leted finom the 

10 mononuclear cells in culture. Van Wauwe, J.P., et al., J. Immunol. 
124:2708 (1980); Chang, T.W., et al., Pmc. Natl. Acad. Sci. U.S.A. 
78:1805 (1981). It was then suggested that the mechanism of anti-CD3 
mitogenic effect involved the interaction between the Fc of anti-CD3 and 
FcR on monocytes, because human serum, purified human IgG, or isolated 

IS Fc fragmrats could block the voaiiog&ak, effect of 0KT3. Looney, R.F. and 
Abraham, G.N., J. Immunol 133:154 (1984); Chang, T.W., Immunol 
JodSoy (1985). Several studies also showed that the deflciaicy of FcR for 
IgG on monocytes would impair the mitogenic effects of anti-CD3, 
supporting the notion that Fc-FcR interaction is important for the mitogenic 

20 effects of anti-C353. Ceuppens, J.L., et al., 7. Immunol. 135:3882 (1982); 
Tax, W.J.M., et al., Nature 304:445 (1983); Tax, W.J.M., J. Immunol. 
133:1185 (1984). 
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A few studies examined tiie mitogenic mechanism of anti-CD3 
fiuther. It was found that anti-human CD3 MAb densely conjugated to 
sq)baiose 4B beads and purified human IL-1 could induce die proliferation 
of T cells in culture in which the antigm presenting monocytes were 
5 completely dq)leted. It was conchided that the anti-human CD3 MAb- 
Sepharose 4B could activate the resting human T cells and the IL-l was 
then able to initiate the synthesis of RNA, JL-2 secretion, JL-2 receptor 
e3q>ression, and ultimately, DNA synthesis. Williams, J.M., et al., /. 
Immunol. 135:2249 (1985). It was also lepoited that in the complete 

10 absence of monocytes, the T cells could be induced to proliferate by 
incubation in plastic culture plates coated with anti-human CD3 MAb, if 
soluble anti-human CDS MAb was also provided in the culture medium. 
Ceuppens, J.L. andBaroja, M.L., /. Immunol. 137:1816 (1986). Later it 
was rspoited that the resting T cells dq)l^ of accessory monocytes could 

15 proliferate in wells of micn^t^ plates coated with hi^ concentration of 
anti-human CD3 (for 64. 1 MAb, 40-1000 ng/ml) without the addition of IL- 
2 or monocytes. Gq>pert, T.D. and lipsky, P.K., /. Immunol. 138:1660 
(1987). 

Anti-CD3 and/or anti-CD28 MAb in an a^ropiiate pharmaceutical 
20 composition, such as in bound or suspended form, may also be mitogenic 
instead of being inununosuppressive in vivo. However, solid plastic sheets 
or large Sq)harose 4B beads, although suitable for in vitro use, may not be 
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appropriate for in vivo use. These solid materials, whether administeied 
i.p. or by other routes, will be maintained in situ. They cannot be 
transported throughout the lymphoid systrai by the lymphoid circulation. 
For in vivo use, therefore, hydrophilic, sohible polypq)tides, polymers, 
S microbeads, or Iqwsomes suitable for conjugating with laige numbers of 
anti-CD3 or anti-CD28 MAbs are prefened. 

When anti-CD3 or anti-CD28 MAbs are conjugated to the polymer 
backbones, microbeads or liposomes, the Fc portions wiU be accessible to 
monocytes and macrophages and other cells of the KES, and hence may 

10 fadlitatephagocytosis and clearance of such conjugates. To minimize such 
clearance and to ensure that the mitogenic effect of anti-CD3 and anti-CD28 
will be the dominant effect, and that any suppressive effect mediated by 
ADCC and complement-mediated cytolysis will be the lessened to low 
levels, fragments of anti-CD3 and anti-CD28 MAbs which are devoid of the 

IS Fc domains (e.g. Fv, Fab, and F(ab')2) and which do not cause the Fc- 
dependent ADCC and complement-mediated cytolysis, may be conjugated 
to the polymer baddranes, microbeads or liposomes. The e:q)eriments with 
solid-phase bound anti-CD3 MAbs suggest that under certain conditions, the 
Fc domain of the antibody is not required in mitogmesis. 

20 Among the suiface molecules that are involved in the regulation of 

the activities of lymphocytes, the most important seem to be the components 
or molecules associated with the TCR and CD28 on T cells. The TCR 
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complex is very complicated and the stractuie is not fully chaxacterized, 
despite extensive study. The infonnation available indicates that the 
"complete** TCR complex contains one a chain, one 0 chain, one y chain, 
one € chain, one chain, and a homodimer 5 chain. The a and fi chains 
aie clonally different and the a/0 dimer is customarily referred to as the 
TCR. Tlie remaining components of the TCR complex (y, e, and 6 
chains) are not polymoiphic and are categorically referred to as the CDS 
antigen. 

A means to achieve cross-linking of antigenic epitopes on T cell 
surfaces is to use polymer bacldx)nes or microbeads coated or conjugated 
with anti-CD3 and anti-CD28 MAbs. To avoid the cytotoxicity caused by 
the Fc domain of the MAbs, F(ab')2 derived from whole IgG, or genetically 
engineering FCab*)^, are prefened. The conjugates may be implanted or 
dqposited or administered i.v. into certain body sites in order to trigger 
mitogenesis. Hius, the appropriate backbone or base upon which to 
conjugate the MAbs should be polymers which are hydrophilic, stable, non- 
immunogenic, nontoxic and resistant to hydrolases (e.g. glycosidases and 
proteases) in the semm and other body fluids in patients. Examples are 
PEG, cellulose, dextran, polylactide, poly (DL-lactide), and latex beads 
which are glutaraldehyde modified, and agarose, which each have different 
molecular sizes and are all well-characterized and studied. 

Another suitable ''backbone" is an ammo acid copolymer. Preferred 
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amino acid copolymers include Gly and Ser residues, and Lys, Cys, or 
other appropriate residues, for providing conjugation sites. Considering tlie 
molecular sizes of Fv, Fab, F(ab%, and whole antibodies, the optimal 
spacing between the adjacent Lys or Cys residues is in the range of 15 to 
5 25 amino acids. Thus, a preferred amino add copolymer has a composition 
of (GlyijSeriLys)^, where n is 5 to 600. 

The fragments or antibodies of the invention can also be conjugated 
to liposomes, using the methods described above, wherein reactive groups 
for cross-linking are introduced on the surface of the liposomes and the 
10 fragments are coupled thereto. For certain clinical applications with certain 
MAbs, fragments (or binding molecules) conjugated to liposomes may be 
more preferred than finagment/polymer conjugates, as die lq)osome 
conjugates can interact with antigen on T cells by a mechanism more 
closely resembling the interaction between cells, than when the fragment is 
15 presented on a polymer backbone. 

Many polymers which are suitable as the backbone are available 
commercially in different lengths or sizes. Amino acid copolymers of 
different lengths can also be synthesized and fractionated by molecular sieve 
chromatography. Polymers such as cellulose or agarose can be treated with 
20 specific enzymes, e.g. , cellulase and agarase, to yield different lengths. 

Good cross-linking and aggregation can also be obtained with other 
embodiments. For example, a polymer backbone can be coupled with a 
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number of monovalent Fab fragment against an antigenic q>itope of a T 
cell. This embodiment functions similarly in princq)le to the other 
embodiments, the difference being that there are more binding sites in such 
molecular conjugates than in the F(ab')2- Because of the larger numbers of 
S binding sites, the cross-linking and aggregation will be more complete and 
there will be fewer singly-paired molecules, which are not cross-linked. 

It is noted that, unlike the fragments of the invention which are 
mixtures of fragments binding to at least two different antigenic 
determinants, single MAbs which bind to monovalent antigraic determinants 

10 cannot cross-link the antigens on the cell surface. In order to stimulate cell 
activation and proliferation, cross-linking of the surface antigens is usually 
required. However, many surface molecules such as CD4 or CDS are 
single polypeptide chains or are composed of different polypeptide chains, 
and cannot be efificiCTtly cross-linked by a single divalent antibody 

IS recognizing monovalent antigenic q)itqpes. 

The fragments of the invention, which are likely to have certain 
immunoregulatoiy effects in polymerized forms in vivo, include those which 
are specific for CD4, CD28, 033 and components of TCR complexes, as 
well as other T cell antigens such as CD2, CDS, CDS, and CD37. Specific 

20 examples are fragments of the monoclonal antibody 0KT3, which taigets 
the CDS antigen on T cells. Fragments binding to a suiface antigen which 
is expressed by only T cells, or a subset of them, are potentially useful as 
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m wvo immunomodulatois in polymerized fonns. 

Example 1: Developing Murine Monoclonal Antibodies Against the CDS 
Antigen of a Non- Human Animal 

A method of making monoclonal antibodies specific for the CD3 
5 antigen of any mammal Oncluding companion animals, such as dogs, cats, 
and horses, agricultuial animals, such as cattle, and odien) can be readily 
fonnulated from what is known about human and murine CD3 antigen and 
about the properties of antibodies specific for these antigens. The 
procedure is similar to those described for the making of anti-human CD3 
10 monoclonal antibodies, by Kung, P.C. cr at Science 206:347-349 (1979) 
and by Leo, O. ero/Proc. Natl. Acad. Sci, U.S.A. 84:1374-1378 (1987). 

Hie molecular weight and the subunit conoposition of the CT)3 
antigen is known for humans and mice, and is cxpexAisA to be almost 
identical among different animal species. The human and murine sequences 
15 of CD3 subunit polypeptides are also known. 

For immunizing mice against the CD3 antigen, ftesh thymus tissue 
is obtained ftom the animal against which murine zmd-CDZ monoclonal 
antibodies are to be prepared. Single cell suspensions are piq)ared by 
mincing the thymus tissue. The smgle cells are used for immunizing mice 
20 at dosage of 1 x 10' thymocytes per intraperitoneal injection per mouse, for 
a total of three injections at two week intervals between injections. Four 
days after the last injection, the mice are sacrificed and their spleens are 
removed for fusion with NSO or SP/20 cells, following the standard 



FCT/U»J/114i4 



23 

procedure for making hybridomas. The supematants of the growing 
hybrids from the primaiy fusion wells in the microculturc plates are 
screened for binding to the single thymocytes using immunofluorescence 
flow cytometry. The fluorescent probe for the immunofluorescent staining 
5 is FTTC-labelied rat monoclonal antibody against murine IgG2a and IgG2b. 
Alternatively, the antibodies may be biotin*conjugated and used in 
combination with FTTC-labelled avidin. 

The fusion wells showing binding to the thymocytes are then cloned 
by limiting dilution, and the subclones are tested again for binding to the 

10 thymocytes using the immunofluoresence flow cytometry. The positive 
clones are further tested for mitogenic effects on T cells. For this test, 
peripheral blood is obtained by venipuncture. Hie mononuclear fraction, 
which contains lymphocytes and monocytes, is prq>ared by centrifugation 
on a FicoU-Hypaque cushion, with the same procedure applied to human 

IS and murine mononuclear cells. A proliferative response assay employing 
^-thymidine incorporation technique is used to determine the cellular 
proliferation. The clones with supematants which are highly mitogenic on 
the mononuclear cells are then isolated for further characterization. 

The specific reactivity of the monoclonal antibodies with the CD3 

20 antigen can then be confirmed by, for example, the immunoprecipitation 
and Western blotting procedures. In the immunoprecipitation method, the 
thymocytes are surface-labelled with with a lactoperoxidase procedure. 
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Lysates of the labelled cells are prq)ared with NP40 deteigent. The 
antigens reactive with the antibodies in question are bound and precipitated 
by the antibodies. The precipitates are then resolved by 1-D or 2-D SDS 
polyacrylamide electrophoresis (SDS PAG^. The pattern and the sizes of 
S the bands are then compared with the CD3 antigen of human and murine 
origin, to confinn that the CD3 antigen, in fact, is bound. 

In the Western immunoblotting method, the lysates of unlabelled 
thymocytes are run on SDS PAGE. The proteins are then electro- 
transferred onto a nitrocellulose paper, which is then incubated with the 

10 antibodies in question. After washing, the bound murine antibodies are 
localized with enzyme-conjugated goat IgG against murine IgG. The size 
of the reactive bands are compared to those of the human and murine CDS 
antigen. For confirmation, the antigenic peptide can be isolated by 2-D 
SDS gel electrophoresis, and the N-tenninal amino acid sequences can be 

IS determined and compared to those of human and murine CD3 antigen. 

The appropriate antibodies can then be derivatized, and/or 
conjugated, as described above, in order to make products of the invention. 
These products can be used for T cell mitogenesis in non-human mammals. 

20 Example 2: Testing Ann-CD3 MAbs for Noncompetitive Binding to CD3 on 
Tcells 

Various anti-CD3 MAbs can be purchased from conmiercial firms 
offering immunochemical reagents, including Ortho Diagnostic Systems, 
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Raiitan, N. J. ; Becton Dickenson Immunological Reagents, Mountain View, 
CA; Coulter Diagnostics, Hialeach, FL; Sigma Chemical Co., St. Louis, 
MO; Boehiinger Mannheim, Indianapolis, IN; Olympus Corp., Lake 
Success, Y. All these MAbs were developed by different groups. These 
finns offer anti-CD3 MAb not only in purified, plain IgG, but also in 
fluorescein-conjugated forms. 

Additional MAbs against human CD3 can be readily prqiared by 
hybridoma methodology as described by Kung, P.C. et al. , Science 206:347 
(1979). Using this method, many laboratories have developed murine anti* 
human CD3 MAb. The same methods could be used to develop anti-CD3 
MAb against the CD3 of virtually any mammal or companion animal. 
These techniques are well known in the ait, and involve the standard 
techniques of immunization, fusion and screwing used to make hybridomas 
and monoclonal antibodies. 

For determining whether two MAbs (or fragments) specific for CD3 
can bind to CD3-bearing T cells simultaneously, fluorescence flow 
cytometric analyses may be applied. For these analyses a T cell line, such 
as human CEM (ATCC CCL119 from the American Type Culture 
Collection), or peripheral blood mononuclear cells, can be used for the cell 
staining. The assay is to detennine whether the binding of a FTFC or 
rhodamine-labeled anti-CD3 MAb to the cells will be inhibited by the 
presence of vaiying concentrations of a second anti-CD3 MAb. The assay 
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should also be reversed to d^nnine whether the binding of the 
fluorescence-labeled second anti-CD3 is inhibited by the presence of the 
other and-CD3. 

If the binding of each anti-CD3 to the T ceUs is not signficantly 

5 affected by S-10 fold concentrations of the odier anti-CD3, it can be 

concluded that both anti-CD3 MAb can bind non-competitivdy to CD3 

molecules on T cells. Additional confiiming assays would measure whedier 

the binding to T cells by the two MAbs is additive. 

Example 3: Corrugates of the Invention as T Cell Proliferation Enhancers 
10 in in )4tro and Animal Model Systems 

Conjugates of the invention were made by conjugating F(ab')2 

fragmoits of the hamster monoclonal antibody 145-2C11 (a gift from J. 

Bluestone), which is ^edfic for murine CD3-6 chain, and the whole 

hamster monoclonal antibody 37.51 (purchased from PharMingen), which 

15 is spedRc for murine CD28, onto latex and polylactide miciobeads. The 
latex beads (of a uniform 2.5 /tm diameter), which were glutaraldehyde 
modified, were purchased from Intet&cial Dynamics Corp. The latex 
beads were already modified to contain activated groups for coiq>ling with 
proteins, and were also purchased from Inteifiicial Dynamics Coip. 

20 Suspensions of these beads could be made homogeneous and suitable for 
injection with gentle shaking. 0.4 to 0.7 /tg of 145-2C1 l.F(ab')j, and 4 /tg 
of 37.51, were conjugated onto 1 mg of both the latex and the polylactide 
microspheres (also of a unifonn 2.5 fim diameter). 
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An e}qpennent was nin to d^rmine cell proliferation on 
administiation of the above product, as measured by ^B] thymidine 
incorporation. Mouse ^leen cells were suspended in RPMI-1640 medium 
supplemented with 2 mM glutamine and 5 % fetal calf semm, containing a 
S construct of the invention or a control (as described below). The 
suspension was plated in round bottom wells of microculture plates (96 
well), and incubated for 48 hours in S % COj at ST'^C. The cells were then 
pulsed with the thymidine for 16 hours (0.5 /iCi/well) and harvested 
on a semi-automatic harvester (Scatron Inc., Serling VA). The 
10 incorporation of % into DNA in the cells was determined by scintillation 
counting. 

Hie controls for the eiqseriment were the antibodies 37.51, 145- 
2C11, the antibody 37.51 conjugated with 2.5 ^m latex or polylactide 
beads, the F(ab*)3 fragment of the antibody 2C11 conjugated with 2.5 fim 

15 latex or polylactide beads, arid the polylactide beads alone. The results 
with the controls were compared with the results achieved by conjugates of 
the latex or polylactide beads with the F(ab')2 fragment of the antibody 
2C11 and the antibody 37.51. The conjugation to the latex beads was done 
covalently, and the conjugation to the polylactide beads was done by 

20 adsorption (the polylactide beads are hydrophobic). 

For the binding molecules covalratly conjugated to the latex beads, 
the results were as follows: 
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145-2Cll.F(ab')2/latex beads: 70,000 cpm 

soluble whole 145-2C11: 120,000 cpm 

soluble 37.51: 3,000 

37.Sl/latex beads: 25,000 
5 37.5 1/145-2C1 1 .F(ab' yiatex beads: 135,000 cpm. 

For the binding molecules non-covalently conjugated to the 

polylactide beads, the results were as follows: 

145-2Cll.F(ab')3/polylactide beads: 85,000 cpm 

soluble whole 145-2C11: 125,000 cpm 
10 polylactide beads alone: 3,000 cpm 

37.51/polylactide beads: 60,000 cpm 

37.51/145-2Cll.F(ab')2/polylactide beads: 149,000 cpm. 

It can be seen that the conjugate of the anti-CD28 antibody and the 

F(ab')2 fragment of 14S-2C1 1 , or the conjugate of the F(ab')2 fragment with 
15 a bead, significantly enhanced cell proliferation over that observed with the 

controls. 

Example 4: T Cell Proliferation with Conjugates of the Invention 

Further experiments were also ran to determine if F(ab')2 fragments 
of 37.51 coupled to poly (DL-lactide) microspheres could induce T cell 
20 proliferation in vitro. A thymidine incoiporation assay was used to 
determine T cell proliferation. Soluble whole IgG or its F(ab*)2 fragment 
of anti-mouse CD28 monoclonal antibody did not induce any T cell 
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proliferation, ^ymidine incoiporation by the cells in culture remained at 
the background level, of about 2000-3000 cpm. However, when the F(ab')2 
fragment was adsorbed to poly (DL-lactide) microspheres, the ^ thymidine 
incoiporation by the T cells rose to about 25,000 cpm, indicating T cell 
5 proliferation. 

Example 5: Conjugates of the Invention in a Mouse Tumor Model as Tumor 
Inhibitors 

Using P81S mastocytoma and DBA/2 mice, the efficacy of the 

37.51/14S-2Cll.F(ab')2/polylactidebead conjugate in inhibiting this tumor 
10 was determined. Tbe protocol was that on day 0, 13 DBA/2 mice were 

injected with 5 x .10^ P815 cells. On day 7, all the mice developed tumors. 

10 mice with tumor nodules of S mm or more were selected for the further 

studies, and these 10 mice were injected with the 37J1/145- 

2Cll.F(ab')2/polylactide bead conjugate at 8 /ig per mouse (1/2 volume 
IS Ly^, 1/2/volume ijt.). On day 14, injections with the conjugate were 

rq)eated. Beginning on day 21, the results were that only S of the treated 

mice bore tumors, and S of the treated mice did not. 

In a separate control experiment, it was determined that untreated 

mice with the same tumor only survived for 35 days. Many of the treated 
20 mice survived for 45 days. Thus, it can be seen that this conjugate is 

effective in the animal model in inhibiting tumors. 

The invention is not limited to conjugates of anti-CD3 fragments and 

anti-CD28 antibodies, but also includes all other anti-T cell antigen binding 
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molecules, fragments (and conjugates thereof) which are specific for suiface 
andgens of human T lymphocytes, and which have immunoiegulatory 
activities in vivo, when administered according to the techniques of the 
invention. Odier binding molecules which target the T cell sur£Etce 
S antigens, for example anti-CD4 and those specific for HLA class-1 
antigens, HLA class*!! antigens (such as !a), CD2, CDS, CDS, or CD37, 
could also be included in conjugates, either separately or in combination 
with conjugates which include anti-CD3 and anti-CD28 binding molecules. 
Some of these antigens, such as CD2, CIM, CDS, and CDS are specifically 
10 e^ressed by T cells or subsets of T cells. 

!t should be understood that the terms and expressions described 
herein are exemplary only and not limiting, and that the scope of the 
invention is defined only in the claims which follow, and includes all 
equivalents of the subject matter of those claims. 
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What is Claimed Is: 

1. A molecular conjugate comprising a latex bead or support conjugated 
with bmding molecules which target antigens on T cells. 

2. The molecular conjugate of claim 1 wherein the binding molecules lack 
5 Fc portions. 

3. The molecular conjugate of claim 2 wherein the binding molecules are 
F(ab')2 fragments. 

4. The molecular conjugate of claim 1 wherein the antig^ are CD2, 
CD3, CD4, CDS, CDS, CD28 or CD37. 

10 5. A constmct comprising polylactide bead to which binding molecules ■ 
which target antigens on T ceUs is adsorbed. 

6. The construct of claim 5 wherein the binding molecules lack Fc 
portions. 

7. The construct of claim 6 wherein the binding molecules are F(ab')2 
IS fragments. 

8. The construct of claim S wherein the antigens are CD2, CD3, CD4, 
CDS, CDS, CD28 or CD37. 

9. A polylactide microbead to which whole anti-CD28 antibody and F(ab')2 
fragments of an anti-CD3 antibody are adsorbed. 

20 10. A polylactide microbead to which F(ab')2 ftagments of an anti-CD3 
antibody are adsorbed. 

11. A polylactide microbead to which F(ab*)2 fragments of an anti-CD28 



WU 94/121V6 



l\;i7U5y3/11434 



antibody are adsorbed. 

12« Latex mioobeads conjugated with whole anti-CD28 antibody and 
F(ab')2 fragments of anti-CD3 antibody. 

13. Latex miciobeads conjugated with F(ab')3 fragments of anti*CD3 
S antibody. 

14. Latex miciobeads conjugated with F(ab*)2 fragments of anti-CD28 
antibody. 
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